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ABSTRACT

Trace elements of the metamorphic and granitoid rocks of the Kiskunhalas—T4zldr—Szank—
Jaszszentldszl6 region lying in the central part of the Danube—Tisza Interfluve were studied. By
means of the trace element diagrams the trace element distribution of different rock types can be
compared and the premetamorphic rocks can be identified with satisfactory approximation, as well.
In the region in question the gneisses are of pelitic, the amphibolites of basis igneous origin, with
high probability. Migmatitization and milonitization did not cause considerable changes in the trace
element compositions of the rocks. The trace element distribution pattern of granitoids remarkably
differs from that of the metamorphic rocks. .
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INTRODUCTION

The basement of the central and southern part of the Danube — Tisza Interfluve
consists predominantly of non-equilibrium rocks. Tectonically, the Danube — Tisza-
Interfluve is dissected by a dislocation line of roughly W—E direction into two
parts (JuHAsz, 1966). North of this line only a few data are available while the base-
ment of the southern one has been explored by numerous hydrocarbon exploration
wells. In this latter region different metamorphites (mica schists, gneiss, granite-gneiss,
amphibolite) are found that based on their variegated texture can be grouped, as well
(e.g. milonites, phyllonitic milonites, see SzEPESHAZY, 1966). In the subsequent
comprehension of the Hungarian Oil and Gas Trust (JuHAsz, 1969) the rock groups
of the regions are represented by: a) granite and associated magmatites; b) paleo-
volcanites and paleo-subvolcanites; and ¢) metamorphites. Based on the metamor-
phic grade and compositional differences, the latter ones can be divided into sub-.
groups. In this comprehension the trace elements are discussed also according to this
classification but no petrogenetic conclusions are drawn. The metamorphites under-
lying the Cenozoic or Mesozoic formations can be identified as the metamorphites
of highest age in the Carpathians (SzepEsHAZY, 1973).

Based -on the mineral paragenetic studies, on the composition zoning and element
partition ratios of the rock-forming minerals a three-phase evolution model was
established (ARKAI et al., 1975, 1977). The metamorphic:basement of the Danube —
Tisza Interfluve consists of strips of SW-NE direction (SzaLAy, 1977a, 1977b) the
development of which is related to three tectonometamorphic cycles (in this sense
the studied area belongs to the central strip consisting of polymetamorphic gneisses
and amphlbohtes)
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In harmony with the comparative petrological investigations (CSEREPES-MESZE:-
NA, B., 1980)in the formations of the Danube — Tisza Interfluve older than Carboni-
ferous two formations can be distinguished : the Kecskemét Formation (the Soltvad-
kert region belongs to this unit) and the J4szszentldszlé6 Formation (in the area in
question the Kiskunhalas — Szank — Jaszszentlaszlé region represents this unit).

Based on up-to-date analytical methods two main groups, i.e. anchimetamor-
phites and polymetamorphites have been distinguished (ArkaIl, 1978, 1980, 1981)
The trace element analyses of these works were carried out by myself and this will
be discussed below having accepted the nomenclature and terminology elaborated
so far (ArRkAI, 1981).

My studies aimed the characterization of the metamorphic and granitoid rocks
according to their trace element concentrations as well as the determination of the
premetamorphic rocks based on the trace element composition and changes, re-
spectively.

SAMPLES AND METHODS

119 samples of 70 boreholes of the Kiskunhalas — NE, Tazlar and Szank — J4sz-
szentlaszlé regions (Fig. 1) were studied (including two granite samples from the Solt-
vadkert area). The determination of the mineral composition as well as the petrog-
raphic description were carried out earlier (ArRKAIL, 1978, 1980, 1981).

Trace elements (B, Co, Cr, Ga, Mn, Ni, Pb, Ti, V and Zn) were determined by
means of emission spectrography (PGS — 2 type Zeiss spectrograph).

Fig. 1. Geographical setting of the studied region

Recording conditions: grate position: 6.22; split: 15 microns; blende: 2; nomi-
nal amperage: 7 A; exposition time: 164 s; electrodes: Al 9999; collimator: 10.6;
electrode distance: 1 mm; arc source: BIG—100 AC generator; plates: AGFA
GEVAERT 23D56; development: AGFA— L at 20 °C, 5 min.

Evaluation: at least three records were made from each sample. Quantitative
evaluation was made based on comparative standards (GM granite and TB clay
from the Staatsekretariat fiir Geologie, Berlin) and on internal standards determined
by chemical analyses (AAS). The maximal deviation proved to be 15 percent, the
ranges of measurements are given in Table 1.
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TABLE 1
Trace element contents of the rocks of the Kiskunhalas-NE region (ppm)

Rock unit B Co Cr Ga Mn Ni Pb Ti v Zn
M t ¢ (ppm. 5— 3— 1— 3— 20— 5— 5— 50— 5— 10—
casurement range (ppm) 500 500 500 500 2500 500 500 7000 500 500

tz-phyllite (4 x 82 42 181 35 158 18 11 4037 46 53
Quartz-phyllite (4 S 11 35 123 14 141 8 7 1850 29 40
C te-phyllite (7 x 147 45 172 48 306 97 72 2925 148 122

arbonate-phyllite (7 Sy 87 31 126 31 395 99 79 2018 114 118
Chloriti scovite-gneiss (6 x 54 43 134 50 224 91 26 5765 157 134
oritic muscovite-g ) Sy 22 31 79 22 67 102 22 1030 131 82
Chloriti scovite-biotite-gneiss (10 x 59 34 209 71 346 38 12 6670 93 74
oriiic Moy 8 ) Sk 21 18 86 28 352 43 7 480 11 30
Chloritic muscovite-gneiss (19) X 64 21 208 56 167 18 11 5170 73 60
Sk 21 11 95 21 88 8 7 1980 46 31
Note: s, =denotes the corrected deviation
TABLE 2
Trace element content of the rocks in the Tdzldr region (ppm)
Rock unit B Co Ct Ga Mn Ni Pb Ti \% Zn
Carbonate-phyllite 160 10 295 41 2500 135 36 4300 105 83
Chloritic biotite-gneiss (12) x 46 28 183 29 1260 67 39 5500 135 102
Sk 25 19 68 11 1055 35 23 1950 78 46
Migmatitic biotite-gneiss (1) 30 16 140 36 320 57 54 6430 65 150
Amphibolite (1) 33 53 295 40 925 98 32 6330 305 155
TABLE 3
Trace element contents of the rocks from the Szank region (ppm)
Rock unit B Co Cr Ga Mn Ni Pb Ti \'/ Zn
Muscovite-gneiss (2) X 24 18 148 35 453 92 24 4750 235 26
Chlorite biotite-muscovite-gneiss (7) x 21 26 159 25 591 68 25 5865 300 40
Sy 8 14 85 9 197 56 13 2055 138 27
Biotite-gneiss (22) x 19 24 120 29 1023 80 17 6180 285 54
Sk 7 18 80 29 600 72 11 1208 91 81
Granite (2) x 10 104 59 62 437 15 46 992 39 41
Amphibotite (11) x 20 57 144 18 1635 139 10 6100 254 72
Si 6 31 99 11 430 128 3 1690 110 60
TABLE 4
Trace element contents of the Szank-gneisses taking into account the garnet content and the subsequent effects (ppm)
Rock unit B Co Cr Ga Mn Ni Pb Ti A\ Zn
Non-migmatitic biotite-gneiss (12) x 21 25 136 24 1190 80 19 5960 292 65
Sy 7 23 76 9 600 63 12 1400 96 107
Migmatitic biotite-gneiss (10) x 15 23 102 34 1025 65 16 6450 277 40
Sy 4 8 85 31 456 88 11 930 88 33
Garnetiferous biotite-gneiss (8) x 17 38 126 28 1010 60 20 5990 315 47
Sy 5 39 55 21 400 47 15 2400 130 24
Milonitized biotte-gneiss (8) x 23 18 135 100 760 82 15 4925 234 22
Sk 10 13 89 78 365 62 8 1875 97 13
Migmatitized biotite—, muscovite- and x 18 24 113 32 870 73 21 6090 264 37
muscovite-biotite-gneiss (16) Sk 8 11 77 34 420 72 12 1485 89 29
TABLE 5
Trace element contents of the rocks from the Soltvadkeri—JdszszentldszI6 region (ppm)
Rock unit B Co Cr Ga Mn Ni Pb Ti A\’ Zn
Soltvadkert granite (2) x 21 97 102 36 191 24 29 5950 86 14
Jasszentlaszlo-granite (7) x 13 97 54 52 222 26 48 2580 82 55
Sic 2 76 46 6 149 24 13 1795 41 27
Migmatitic biotite-gneiss (1) 15 30 168 25 890 110 11 5300 365 18
Biotite-gneiss (1) 17 22 138 30 915 30 20 4000 200 70
Amphibolite (2) x 12 78 253 20 2220 390 8 5900 310 170




RESULTS

The trace element concentrations of 46 samples from 18 boreholes of the Kis-
kunhalas — NE region are found in Tablel, those of 15 samples from 12 boreholes of
the T4zlar region in Table 2, those of 44 samples from 27 boreholes of the Szank
region in Tables 3 and 4, finally the trace element data of 13 samples from the Solt-
vadkert — Jaszszentlaszlo region are demonstrated in Table 5.

Formations of lowest metamorphic grade are represented by quartz-phyllites
(Kiskunhalas) and by carbonate phyllites (Kiskunhalas and T4zlir). Based on their
trace element contents the (carbonatic) quartz-phyllites considerably differ from the
carbonate phyllites their trace element concentrations being much lower. The carbon-
ate phyllites of the two regions are similar and based on their trace element contents
may represent the same rock type.

Muscovite gneisses are found essentially in the Kiskunhalas region, the Szank
samples (2 pieces) are somewhat more abundant in trace elements (e.g. Mn, Ni, Pb

- and V) only their Zn concentrations are lower than that of the Kiskunhalas samples.
Due to the rather high concentration differences the formations of the two regions
cannot be regarded to be the same. Nevertheless, in harmony with the fact that the
formations of the Szank region are usually always of higher trace element amounts,
these will be discussed together.

Among the biotite-gneiss samples of the tree regions the V, Zn and Mn values
show the highest dispersion. In spite of this and based on the similarities in their
mineral composition these rocks will be dealt with as one unit.

No amphibolites are found in the Kiskunhalas region, in the Tazlar area only
one borehole revealed amphibolite. The amphibolites of Szank and J4szszentl4szlé
are rather similar, except their Zn-contents. The Tazlar samples show higher Ga and
Pb contents as compared with the two other regions. By all means, the amphibolites
of the three regions are more or less similar, disregarding some smaller differences.

Granites are found only in the Szank and Jaszszentlaszl6 areas lying north-nort-
heast of the Kiskunhalas and T4zlar regions. The granites of the two regions are
conspicuously similar.

Premetamorphic rocks

Based on petrological-geochemical data efforts were made to determine the
characteristics of the premetamorphic rocks (ArRkaIl, 1978, 1980, 1981). Due to the
small number of samples, in each region the premetamorphic starting rocks were
only probabilized, except amphibolites the major part of which proved to be of mafic
igneous origin.

It can be stated that. in spite of the smaller deviations or differences, the indivi-
dual rock types can be considered to be the same rock type afiected by local alterati-
ons. In this sense I try to reconstruct the premetamorphic rocks on the basis of their
trace element contents.

The different gneiss varieties derive with high probability from sedimentary,
first of all from pelitic rocks. In Fig. 2 the trace element composition of the biotite-
gneisses and muscovite-biotite-gneisses are compared with the mean values of the
clayey and basic igneous rocks (TUREKIAN and WEDEPOHL, 1961). Except the values
of Co and Ga the trace element concentrations are close to the clayey composition.
The Co-content showing sometimes anomalously high values may be due to graniti-
zation (the Co concentrations of granites are very high as compared to the granitic
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Fig. 2. Trace element composition of biotite-gneisses (1), muscovite-biotite-gneisses (2) as compared
to the basic igneous average (3) and clayey average (4) of TUREKIAN and WEDEPOHL (1961)

average). The rocks are characterized always by higher Ga contents than usual, thus
when deciding the origin of the rocks the Ga-values were neglected.

7 In case of the Szank—Jéaszszentlaszl6—Soltvadkert region the trace elements
-of the biotite-gneiss group and of granites are demonstrated (Fig. 3) and the average
values of TurekIAN and WEDEPOHL (1961) are also shown. There is no siignficant
difference between the non-migmatitic and migmatitic biotite-gneisses, thus migma-
titization itself did not cause remarkable change in the trace element concentrations.
The process of granitization conspicuously increased the Co, Ga and Pb, and de-
creased the Mn, Ni and V concentrations. The Cr and Zn value do not show changes.

In harmony with these data, the clayey origin comes to the lamelight again.
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Several methods are available to determine the-origin of amphibolites, though
not all of them proved to be suitable in case of amphibolites of the region in question.
E.g. the ’ diagrams constructed after VAN DE Camp (1969) and based on the Ni-mg
and Cr-mg values of BURRI and NiGGLI1 (1945), referring to the origin of eruptive
basic rocks, proved to be unsuitable to determine the premetamorphic rocks.

In the V-Cr discrimination diagram constructed after SCHWEDER (1968) the
average values computed for all amphibolites are located unambiguously in the ortho-
field, close to the zone of migmatitic amphibolites but outside the sedimentary range
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Fig. 3. Trace elements of non-migmatitized biotite- gneisses (1), migmatitized biotite-gneisses (2),
granites (3) and the clayey average (4) of TUREKIAN and WEDEPOHL (1961)
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Fig. 4. Average vélues of amphibolites in the V-Cr discrimination diagram of SCHWEDER (1968),
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Fig. 5. Average values of amphibolites in the

Cr-Ni discrimination diagram of WALKER e al.

(1960). 1 — clays,2 — ortho-/basic igneous/-am-

phibolites, 3 — para-/sedimentary/-amphibolites,
4 — migmatitic amphibolites
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Fig. 6. Average values of amphibolites in the
Ni-Coldiscrimination diagram of WALKER ef al.,
(1960). 1 — clays, 2 — ortho-/basic igneous/
-amphibolites, 3 — para-/sedimentary/-amphi-
bolites, 4 — migmatitic amphibolites



Fig. 7. Average trace element composition of amphibolites from the Szank—Jaszszentlaszlo—
Soltvadkert region (1) as compared to the average values of ultrabasic rocks (2), basic 1gneous rocks
(3) and clays (4) of TUREKIAN and WEDEPOHL (1961).

(Fig. 4). In the Cr-Ni discrimination diagram (Fig. 5) constructed after WALKER
et-al., (1960) there is some uncertainty due to the overlapping of the sedimentary
field, but according to the Ni-Co discrimination diagram (Fig. 6) the amph1bohtes
fall to the ortho-field, i.e. are of igneous origin.

In Fig. 7 the trace element concentrations of ampmbohtes of the Szank—Jasz-
szentlaszlo region are demonstrated for the ultrabasic, basic igneous and clayey
sedimentary rocks in addition to the average values given by TUREKIAN and WEDE-
POHL (1961). The ultrabasic origin can be fairly well excluded and except the Ga-
values none of the elementary concentrations refer to clayey -origin, i.e.  the distri-
bution of the total trace element contents indicates basic igneous origin. <™

t

53



CONCLUSIONS

Based on the trace element investigations carried out in the Kiskunhalas—T4z-
lar—Szank—Jaszszentldszl6—Soltvadkert region, concerning the metamorphic and
granitoid rocks it can be stated that .

— the applied trace element discrimination diagrams are suitable to compare
the trace element contents of different rock types on the one hand, and are
suitable to identify with good approximation the premetamorphic rocks, on
the other;

— the different gneiss types of the region are most probably of sedimentary,
i.e. of pelitic origin;

— the amphibolites are of igneous (basic igneous) origin, this statement rein-
forcing the previous conslusions;

— migmatitization in itself did not cause considerable change in the trace
element contents of the rocks;

— milonitization is represented by textural and/or mineral compositional alter-
ations, the trace element distribution pattern shows no remarkable change
due to this effect;

— granitization concentrated certain elements (e.g. Co) 1ndependently of the
type of the granitization process.

ACKNOWLEDGEMENTS

[ am highly indebted to the leading authorities of the National Oil and Gas
Trust for permitting the publication of the results and for making possible to analyze
the samples, further to DR. PETER ARKAI senior researcher of the Laboratory for
Geochemical Research of the Hungarian Academy of Sciences, for his valuable
assistance and consulations.

REFERENCES ,

Agkal, P., NaGY, G. and PanTO, Gy. (1975); Types of composition zoning in the garnets of poly-
meta.morphlc rocks and their genetic significance. — Acta Geol. Acad. Sci- Hung., 19, 17—42.

ARkal, P. (1978): Report “On the mineralogical-petrological investigations of the igneous and
metamorphic formations of the Klskunhalas — NE region older than Mesozoic”. OKGT-
Library, manuscript (in Hungarian).

ARKAL P. (1980): Report “On the rmneraloglcal-petrologlcal and geochemical investigation of the
igneous and metamorphic rocks of the Tazlar region older than Mesozoic””. OKGT-Library,
manuscript (in Hungarian).

ARRKAI P. (1981): Report “On the investigation results of metamorphites revealed by the boreholes
of Szank, Soltvadkert, Jiszszentliszlé6 and Almosd”. OKGT-Library, manuscript (in Hun-
garian).

Burri, C. and P. N16GLI (1945): Die jungen Eruptivgesteine des mediterrancan Orogens. I. Schwei-
tzer Spiegel Verl. Ziirich.

CsEREPES-MESZENA, B. (1981): Migmatite zones in the basement of the Danube—Tisza Interfluve.
— Proc. of the 12th Congress of the CBGA, Bucharest.

FOLDVARI-VoGL, M. (1978): Theory and Practice of Regional Geochemical Exploration. Akad.
Kiadé, Budapest

GHONEIM, M. A. and SzeperkEnyl, T. (1977): Preliminary petrological and geochemical studies
of the Ofalu area, Mecsek Mountains, Hungary. — Acta Miner. Petr. Univ. Szeged. XXIIT.
1. 29—39.

Junisz, A. (1966): Formations older than Tertiary in the Szank environment. — Faldt. Kozl. 96.
3. 427—435. (in Hungarian).

54



Junasz, A.(1969):Igneous and metamorphic formations of the Danube — Tisza Interfluve. — Foldt.
Kozl., 99, 4, 320—336. (in Hungarian).

LEAkE, B. E. (1964): The chemical distinction between ortho- and para-amphibolites. — J. Petr.,
5, 238—253.

SCHWEDER, P. (1968): Geochemische Untersuchungen im Kiffhauser — kristallin. — Chemie der
Erde 27, 1.

SzApEczKY-KARDOSS, E. (1955): Geochemistry. Akad. Kiado, Budapest (in Hungarian).

Szaray, A. (1977): Metamorphic-gx;anitogenic rocks of the basement complex of the Great
Hungarian Plain, Eastern Hungary. — Acta Miner. Petr. Univ. Szeged, 23, 49—69.

SzALAY, A. (1977): Igneous and metamorphic formations of the basement of the Great Plain. OGIL-
report, Szolnok (in Hungarian).

SzeDERKENYI, T. (1983): Origin of amphibolites and metavolcanics of crystalline complexes of South
Transdanubia, Hungary. — Acta Geol. Acad. Sci. Hung., 26, 1—2, 103—136.

SzepesHAZY, K. (1969): Main rock types of the crystalline basement in the central and southern part
of the Danube — Tisza Interfluve. — MAFI Evi Jel. 257—289. (in Hungarian).

TurexiaNn, K. K. and WEDEPOHL, K. H. (1961): Distribution of the elements in some major units
of the Earth’s crust. — Buil. Soc. Geol. Amer., 72, 175—191.

TurekiaN, K. K. and WEDEPOHL, K. H. (1969): Distribution of the elements in some major units
of the Earth’s crust. — Geol. Soc. Amer. Bull., 80, 641—664.

VINOGRADOV, A. P. (1962): Average occurrences of chemical elements in the main magmatic rock
formations of the Earth’s crust. — Geokhimiya, 1962. 555—572 (in Russian).

WALKER, K. R. and G. A. JorLIN (1960): Metamorphic and metasomatic convergence of basic
igneous rocks and lime-magnesia sediments of the Precambrian of North-Western Queensland.
— J. Geol. Soc. Austr., 6, No. 2.

WEDEPOHL, K. H. (1971): Chemical composition of shales and clays. — Physics and Chemistry ot
the Earth. Pergamon Press 8, 304—305.

Manuscript received. 22 February, 1986

55



